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During the preparation of this report, COL Tilford C. Creel, CE,
and COL Robert C. Lee, CE, were Commanders and Directors of WES and
Mr. F. R. Brown was Technical Director. At the time of publication,
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WESSEL: CODE FOR NUMERICAL SIMULATION OF TWO-DIMENSIONAL TIME-
DEPENDENT WIDTH-AVERAGED FLOWS WITH ARBITRARY BOUNDARIES

PART I: INTRODUCTION

1. The code WESSEL solves the two momentum equations, the energy
equation, and the continuity equation on a two-dimensional field with
boundaries of arbitrary shape, including multiple inlets, outlets, and
obstacles. The basis of this numerical solution is a boundary-fitted
curvilinear coordinate system that allows all computation to be done on
a rectangular field with a square grid in the transformed plane, regard-
less of the boundary shape and configuration in the physical plane.

2. The finite difference solution is done in finite volume formula-
tion, as discussed in detail in Thompson and Bernard (1985). The solu-
tion is implicit in time, with all the difference equations being solved
simultaneously by SOR iteration at each time step. The code reads the
boundary~fitted coordinate system from the output of the coordinate code
WESCOR, described in Thompson (1983). The input allows any portions of
the boundary (external or obstacles) to be designated as inlets, out-
lets, no-slip surfaces, or slip surfaces. Arbitrary specification of
the variables on inlets and outlets is allowed. The output is in the
form of field arrays and plots (Figure 1) of the velocity components,
pressure, and temperature. All computation is done in metric units, but
the input and output units may be specified otherwise. Appendixes A, B,
and C contain input instructions for the hydrodynamic code (WESSEL), the
contour plot code (CONTUR), and the vector plot code (VECTOR), respec-

tively. Sample runstreams (input) are given in Appendix D.
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PART II: CONFIGURATIONS

Computational Field

3. The computational field, i.e., the transformed region, is com-
posed of contiguous rectangular blocks with a uniform square grid over
the entire field, where the independent variables are the curvilinear
coordinates (£,n)* designated in the code as the integers (I,J). As

noted in Thompson and Bernard (1985), the increments, A& and An , are

irrelevant since they cancel out of the difference equations, and hence
are made unity for convenience. The extent of £ and n on the compu- _
tational field is from 1l to IMAX and JMAX, respectively. The dimensions -;7“3
of the field arrays are (0:IDIM,0:JDIM). All field arrays are extended ;%;;;
one line beyond the computational field for convenience. Thus, the max- T
imum values of IMAX and JMAX allowed are IDIM-1 and JDIM-1, respectively.
4. The coordinate system is generated with twice as many points in
each direction as are used for the flow solution. Therefore, the coordi-

nate arrays are dimensioned (0:ICIM,0:JCIM), where ICIM=2*IDIM-2 and

JCIM=2*JDIM-2. The point in the coordinate arrays corresponding to the
tield pouint (I,J) is thus (I1,JJ), where II=2*]-1 and JJ=2*J-1. This

correspondence is indicated in Figure 2.

A NN OO OO
G DT O TWYTY TN T T O TV
o N N Y I o N I LD r\r>
N4 AN 74 L/ I\ M/ VIV Ii\V \ =
Halala AlalaAalAlAIALD o6
TP TVPTVY Y © YTV TPTIYTY
RS
-+ Q Alaliaaldadlo )
VI \V IV T\ V IV | N YV I \WV T\ T \4 - _*.‘-,]
]
A N | ] che
slololo  olololelels g
‘
0: solution points E 1
]
1

Figure 2, Diagram of the general field
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* For convenience, symbols are listed and defined in the Notation = ﬁ
(Appendix E). L ::
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S Point Classification
fj: 5. This code is applicable to a wide variety of configurations
including multiple inlets, outlets, and obstacles, with all boundaries
being of arbitrary shape. In order to achieve this versatility, it is
necessary that the points be classified as to location on the various
types of boundaries, in the free field or out of the computation region.
This classification is done by associating a different name with each
type of point as follows:
6. Points not on boundaries.
FIELD: field point (not on a boundary)
.
Ry
@UT: point totally ~ut of the computation region, i.e., inside 5"f4
an obstacle or beyond the outer boundary of the flow _v i
field Ll
. : o
-2 or T
7. Boundary points not on corners. f::
WALB@T: point on a lower field boundary with no-slip i
or :a{
—o-
WALT@P: point on a top field boundary with no-slip
" amen
VR L -
o S
o B
e SRS
} o
he. 8 .
-
F.o .'. -
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[ R
3 R
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TR T o e T T T e e e e o
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WALLEF: point on a left field boundary with no-slip

#

or

WALRIT: point on a right field bo

or

but the boundary has slip.

Corner points.

—

undary with no-slip

tJ

With the "WAL" in the above replaced by "SLI," the location is the same,

Similarly "IN" in place of "WAL" refers to
P

inlet, "@UT" to outlet, and "SUR" to free surface.

CAVWBL: point on bottom-left concave corner of field with

no-slip

or

CAVWTL: point on top-left concave corner of field with no-slip

»

or

CAVWTR: point on top-right concave corner of field with

no-slip

or

gt




] CAVWBR: point on bottom-right concave corner of field with
S no-slip

T !llﬂ or !‘i!

VEXWBL: point on bottom-left convex corner of field with

no-slip

o
- ) or I

s; VEXWTL: point on top-left convex corner of field with no-slip

o illi or

VEXWTR: point on top-right convex corner of field with no-slip

.j' IIII or

B

-

o VEXWBR: point on bottom-right convex corner of field with
[y '_‘-

o no-slip

] or -

With the "W" in the preceding eight types replaced by "S," the reference

is to a slip boundary.

10

.
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9. Point notation, Each of the point type names is made an

integer and is assigned a number.

are also grouped as follows:
WALB@T=1
WALLEF=2
WALT@P=3
WALRIT=4

VEXWBL=9

VEXWTL=10
VEXWTR=11
VEXWBR=12

CAVSBL=17
CAVSTL=18
CAVSTR=19
CAVSBR=20

INB@T=26
INLEF=27
INT@P=28
INRIT=29

SURB@T=34
SURLEF=35
SURT@P=36
SURRIT=37

WALL=4

WALVEX=12

SLICAV=20

INLET=29

SURF=37

CAVWBL=5
CAVWTL=6
CAVWIR=7
CAVWBR=8

SLIB@T=13
SLILEF=14
SLIT@P=15
SLIRIT=16

VEXSBL=21
VEXSTL=22
VEXSTR=23
VEXSBR=24

@UTBPT=30
@UTLEF=31
PUTTPP=32
@UTRIT=33

Thus @UT=0, FIFELD=25, etc. The types

WALCAV=8

SLIP=16

SLIVEX=24

@UTLET=33

Then if a point type is >@UT and <WALL, the point must be on one of the
no-slip walls, Similarly, if a point type is > FIELD and <INLET, the

point must be on an inlet, etc.
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L PART III: NOTATION eay
g RS
g" 10. FORTRAN variables and parameters are identified below, with
{‘-‘_1 the corresponding algebraic quantities in the equations of Thompson and e
W A
I Bernard (1985) shown in parentheses. The array dimensions are also AR
Lo given in parentheses for each type of array.
4 Main flow variable field arrays (O:IDIM,0:JDIM)*
:{\ VELX
A : x and y velocity components (u,v) O
N VELY RS
- PRES: difference between true pressure and hydrostatic
‘ pressure (P) :_'7’_:‘:‘
o TEMP: temperature (T) ij‘il -
QWAL: boundary heat transfer (qwall) '}-j~t
. A4 Additional flow variable field arrays (0:IDIM,0:JDIM) ¥ -
b Y
ol ) ) e
S URQLD: -A-% [Z(pu)“ 1 -21- (pu)n 2] stored quantity from pre- \
vious time steps for second-order time differencing e
.‘-“:': ‘._’;‘-.
- Z%[(pu)n-l] stored from previous time step for first-order time :::::::;'
: .‘:ﬂ N i
' differencing .
N VROLD: as URPLD, with u replaced by v
';'.:::'. RPLD: as URPLD, with u replaced by 1 and J/At omitted
N :'_- ERPLD: as URQLD, with u replaced by energy e
e UACC: x-momentum equation acceleration parameter
"f~~:~. VACC: y-momemtum equation acceleration parameter
O s
“:-j.: TACC: energy equation acceleration parameter e
:: ::: TYPE: point type :Ijl.'i
f.-‘- STAT: hydrostatic pressure with constant density RH@REF (py) a
WIDE: width (B) T
2o * This format makes the array dimensions IDIM+l , JDIM+l . ::_-}_‘:-:"
o 12
N A
> e
Rt P
' ‘# "« - 1. 1. ' "D _

n.--
e

., . -



ENGY: energy (e)

DIVEL: divergence of velocity (Y-g)

CMAS@: mass residual
CMAS: as UR@LD, with u replaced by mass residual, and J
replaced by JZB(JDt)

Coordinate arrays. (0:ICIM,0:JCIM)

XC@R
: cartesian coordinates (x,y)
YCOR

SIDE: point type array LSLIT of the coordinate code WESC@R

Eddy viscosity
CART: artificial viscosity (|D|)
B

RICH: Richardson number for turbulent eddy viscosity (Ri)
TURH@R: selector for horizontal turbulent eddy viscosity
TURBUL: turbulence indicator

CPFHPR: specified uniform horizontal turbulent eddy viscosity
(@,)?
TURVER: selector for vertical turbulent eddy viscosity

COFVER: specified uniform vertical turbulent eddy viscosity
(®,,)
22

Run control parameters

STPRIT: first time step to be stored; later, next step to be
stored

START: indicates type of start
STPINT: interval between stored time steps
ITERS: maximum number of iterations allowed
PARCON: accepts partial convergence

STEPS: number of time steps to be run

STEP: time step number on file

PR
PR AR o
A& A A A 4 1

S \ "_\\ \\‘




- Iteration tolerances ST

- UT@L T
) VTPL DA
b iteration error tolerances for u , v , P, T Lo

. PTOL

v TTPL

UN@RM: iteration error norm for x-momentum equation (||au]|)
v VN@RM: iteration error norm for y-momentum equation (||av|]|)
PN@RM: iteration error norm for pressure equation (||AP|])

= TN@RM: iteration error norm for enmergy equation (|[aT|]|)

- (IUN@PRM, JUNGRM): location of maximum x-momentum iteration error
» (substitute VN@RM, etc., for other norms)

- Indices

- D,@D: diagonal and off-diagonal elements of stress and heat
... transfer terms

- IMAX

.. field extent

N JMAX

- (1,J): indices of calculation point
(I1,3J): 1indices for coordinate arrays corresponding to (I,J)

Solution options

ENEREQ: allows energy equation to be deleted
TIMFAC(TIM@RD,L): coefficients in time-derivative for order

TIM@RD :
f; Af n n-1 n-2
it = TIMFAC(TIM@RD,1)f + TIMFAC(TIM@RD,2)f + TIMFAC(TIM@RD,3)f
At
x CAVFAC(CAV@RD,L): coefficients in extrapolation at concave
S corners for order CAV@RD
» 1
r
- 0
o £, = CAVFAC(CAVGRD,1)*(f, + f,) + CAVFAC(CAVPRD,2)*(f; + f,)
B
- 14
’.
s
'

- . . - . B - - -
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CONVEC: selector for convective differences
TIM@PRD: time derivative order

CAVPRD: concave corner extrapolation order

' FLOBAL: activator for flow balance

T FLPW: activator for inflow or outflow
:j& STRAT: selector for initial stratification
o ISTRAT: E-line defining initial stratification
! RH@S: table of density defining initial stratification
[ TEMS: temperature table defining initial stratification
N0
- ELEV: elevation table defining initial stratification
‘:}t Acceleration parameters
UACTQL
) iteration error tolerances for variable acceleration
VACTQL
<o parameters for u, v, T , respectively
T TACT@L
n
fii CPS1 ) cos TVAXT]
St used in calculation of variable accel-
AR eration parameters
N -
\_" ; —————ﬂ
L c@syJ CoS T
G BACC: boundary temperature acceleration parameter
50N PACC: pressure acceleration parameter
' VELACC: switch for variable acceleration parameter for
. momentum equations
ﬁfij TEMACC: switch for variable acceleration parameter for energy
) equation
. VELXAC
&}: VELYAC u, v, T acceleration parameters, respectively,
e " (when variable parameters are not calculated
. TEMPAC
}‘55 PRESAC: pressure acceleration parameter (input value)
o]
St BPUNAC: boundary temperature acceleration parameter
‘%;% Solution quantities
iJf RHPREF: reference density used for calculation of hydrostatic
s pressure (po)
jf? CX gravity vector (81’82) -x~{f
o 6y :
f:i X

. ( \ -
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v FLPIN: total inlet flow rate
2 FL@PUT: total outlet flow rate
= DELTAT: time step (At)

L ape VELREF
’?:: TEMREF reference values of (u,v) , T, p , respectively
.y:{ PREREF

Y GRAX }gravity unit vector
an GRAY

i UGEN

i VGEN

:g PGEN general values for u, v, P, T, B, respec-

tively, over entire field

- TGEN
WGEN

igﬁ (IREF, JREF): location of PREREF, reference pressure for
- calculation of hydrostatic pressure

(XREF, YREF) :

;;; GRAC: acceleration of gravity
;iii Output options
- VUNITS

—— PUNITS } output units for (u,v) , P, and T , respectively
S TUNITS

Eikf CUNITS: output units for time

o EXT@UT: switch for output of field extrema

fc MAPPUT: switch for output of field maps

iS' MAP(5): field maps desired

.Ei, RITPUT: switch for printed output of field at selected steps
gﬂf RITERR: switch for printed output of iteration error norms
T‘lﬂ RITINT: switch for printed output of initial field solution
LABEL: output label

kfi: ACCPRT: switch for printed output concerning variable

?j: acceleration parameters
f:;: RITEXT: switch for printed output of outlet variables
x." 16
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ﬂ Computation site arrays (25)
Eﬂ U u
“ vV v
. P P -
. T T 1
. RHO o
) RHPU pu o
3 RHGV  pv B
- RHJE pe .
3 ENERGY e -
- MUy P
. KC «
‘?' Q heat source flux
.i POINT point type
f SL1 o)ps €tc. (25,2) second index refers to
L diagonal (1) or off-
- SIIBAR §,,, etc. (25,2) d1agenal (2)
-% Ql q, etc. (25,2)
'l Q1BAR 51, etc. (25,2)
j; DSXI  (2) stress terms in momentum equation, conduction
f: DSET (2) § teT™S in energy equation

UXXI uxg
! UYXI uy

etec, for v ..o, T o000 P .0

»

: UXET ux
. n

T UYET uyn
A}. -

g UBAR u

A VBAR ¥

]

! X x

L Y vy

- XXI x

: YXI ¢

.

5 yE
o ! o

) 17 DL
> o .
v e
- L
> R

3 S




ot XET x

.._ T]

o YET

: 7n R

; JCB J =x - x el
Eyn ny£ [{

ALPHA o = x 2 + y 2

N GAMMA

-
[}
»

2, ygz

INFCEN,JNFCEN index increments for neighboring solution points

INSCEN,JNSCEN index increments for neighboring coordinate points ;"f
Q heat flux (q) =

: Other variables

ya

) D11,D22 horizontal and vertical eddy viscosity (Dll’DZZ) |
'f Cl1,C22 horizontal and vertical eddy conductivity (CI’CZ) :ﬂiflki
,ﬁ MASDEF mass residual (D) L S
i &

- - FLORAT ratio of inlet to outlet flow rate before balance
= correction
PT@T full pressure (p)
2 AJAC Jacobian (J)
UACMIN,UACMAX, minimum, maximum, and average acceleration parameter
UACAVG for velocity (etc. for V and T)
& VANGRM iteration error norm for x-velocity acceleration

. parameter (etc., for V and T )

! @VLEX
@VELY
.? @TEMP previous time step values of u, v, T, e, D,

o respectively
- @ENGY
f @CMAS
NPT total number of field points
- TIME time (t)
:; TIM time in output units (t)
N

: MU11,MU22 viscosity including turbulence (y + lel,u + pDZZ)
- MUL1122 average of MUll and MU22




.{:
Lo KC11,KC22 conductivity including turbulence
RN
L4
S5 3 3
b (k+p 2 Cx+pnC)

jﬁt DPXI,DPET pressure terms in momentum equations

t}: UCPLD,VCALD velocity values at previous iterate

"

0 XXID  x,

i XETD x

- n

RHPB B

e DEPTH depth to computation site below top (d)
Ié:} HEIGHT height of computation site above bottom (h)

‘ FULDEP top-to~bottom distance (do)

{2- VELC velocity magnitude at computation site (|g|) (etc.
e for N , S, E, W

;;f VELH@R,VELVER horizontal and vertical derivatives of velocity

_.\- magnitude (|g|x, |g|y)

HORCEL,VERCEL horizontal and vertical cell width (4x,Ay)

f- RHAVER vertical derivative of density (Dy)
.jz DMXI,DMET £ and n convective flux terms (pBfu and pBfv)

. (Suffix C indicates coefficient of value of f at

DMXIC,DMETC computation site. Entire term is DMXI + DMXIC*fc,

.- etc.)

fﬂj EMASDEF mass residual correction term (zero for nonconserva-
. tive convective terms, equal to MASDEF for conserva-
D tive terms)

) CENFAC total coefficient of central value factored from all
0 terms

Y

if UTEMP intermediate x-velocity value (etc. for v, P, T)
o XXID  x,

ey XETD «x (etc. for Y)

L n

- ALFA q

o GAMA vy

":-." = +
s BETA B8 xgxn yEyn

LT + x
..'-. DE x};yn )\nyE
-
- -
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ll ‘D

XXIXI xEE

8,

(etc., for Y )

A AR
a,

XETET x
nn
AN XXIET x
A En
v DDX -2 + yx
o axEE Bxin Y nn

-

- DDXX DDXX
DDXY DDXY

a8 DDYX DDYX

-
‘ DDYY DDYY

- DDXYX DDXYX

DDXYY DDXYY
. UXI u
- UET u_ (etc. for v, B, P)
L~ UX Ju
. .'.‘ x
UY Ju
y
: BRET (Bp)
- BRXIXI (Bo)
BRETET (Bp)
. BRXIET (B
( p)€n
. BRX J(Bp)x
oy BRY J(Bp)y
BRXX (Bp)x

X

o BRYY (Bp)

o vy

N BRXY (Bp)xy

- BRTX1 (Bpt)g PR
o RS
Y, BRTET (Bp ) »

[ BRTX J(Bp ) T
it ﬂ}j;:j
- R
I txfff;
... ~ AN
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SN BRTY J(Bp, )
§3i2 DXI (7-u)
b DET (7-u)
b DXIXI (Yeu)
o~ DETET (V-.u) :
DXIET (V-u) S
DX J(V-u)x
DY J(Y°g)y
A DLAP  J2VZ(V-u) : J
UXIXI u ) RS

. UETET u SRR
- (etc. for V) e

UXIET u > L.
'{3; ULAP J2%v2u 3f¥fl?
DVEL JVeu R

«

[PAPREEN
]
]
\\

RUXI (“D

: J /e
. uD
RUET (J n
::J
N
) .“‘

- uD
o RUX J(j-)
X

o vD

s RVY J(J )
, y

RHS BJ2v2?p

ARTVC artificial viscosity(FART* l%i>

ARTCC artificial conductivity(FART* ﬁ l%l>
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3 (Bu )
DISP viscous dissipation term{Jo_. z
ij axj

3(Bu.)

DILT volume dilation term Jp oy
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PART 1IV: OPERATION
AN 11. The code starts by reading the namelist BEGIN, which contains
g a flag START which indicates an initial start, a continuation of a

I partially converged iteration, or a continuation of time steps.

Initial Start

20 12, For an original start, the namelist PARAM is read next, and

subroutine SETVAL is called to read the remainder of the input. This

; subroutine first reads the label, the extent of the coordinate arrays

- (IMAXC,JMAXC), and the coordinate point type array (SIDE, the LSLIT of

o WESCPR) from the output of the coordinate system code WESCPR. The

12: extent of the field arrays (IMAX,JMAX) is then calculated, and the field

;j point type array TYPE is initialized to @UT. For free field points,

_ ; i.e., points in the flow field and not on a boundary, TYPE is then set

‘x' to FIELD, and for points on any boundary, TYPE is set to the default,

: WALL, indicating a no-slip boundary. The coordinate system is then read

‘fg from the output of WESCPR into the coordinate arrays XCPR and YCOR.

e 13, The houndary types are designated next by input as fol’ows,

For each boundary segment (outer or obstacle) that is not to be no-slip,

.- namelist INPUT is read specifying the boundary type (INLEFT, OUTLET,

. SURFACE, or SLIP) and the indices, (I1,J1) and (12,J2), of the segment
ends, All points on that segment are then set to this type in TYPE.

. Points on all boundary segments not designated otherwise by input are

. typed no-slip by default, as noted above, except that it is also pos-

- sible to change this default to slip by the input. After all of the

o boundary designations have been read, the code determines if the seg-

ments are bottom, left, right, or top relative to the free field, and

-.‘ S

i:j locates concave and convex corners, placing the appropriate type classi-
iji fication in TYPE for each boundary point.

oy 14, The field arrays for velocity, pressure, temperature, energy,
i

gy width, and wall heat transfer (VELX, VELY, PRES, TEMP, ENGY, WIDE, and
3

%
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QUAL) are initialized to the default values. The general field values

and the reference pressure and position then may be changed from the

ATy

default values by a read of the namelist INPUT for each quantity to be

changed. Units are read with the values, and the code converts all

5 quantities to metric. The units of the coordinate system must be
'ff identified, or metres will be used, and the time step is set. Boundary
?f~ values on any boundary segment are then specified by a read of the name-

list INPUT identifving the segment, the quantity to be specified, the
values, and the units. The general field values remain on any boundary
'ﬂ}? segment that is not changed in this manner. Initial density (or tempera-
- ture) stratification may be specified either on a designated g¢-line or
with an input table of density (or temperature) versus elevation,

§ 15, Specification of temperature on a boundary segment causes that
segment to operate with a fixed temperature. Specification of heat
3 transfer on a segment causes it to operate with that heat transfer. No
specification causes a segment to operate as an adiabatic wall.

16. Subroutine SETVAL then completes its setup of the field and
boundaries by calculating the components of the gravity veccor, the
il‘ reference values and their locations, the hydrostatic pressure, and the

energy for all points, and by initializing the acceleration parameter

]

R sedadh

arrays to the default values., The reference velocity is the square root

s A
L
a,

of the sum of the squares of the maximum magnitudes of the components on

1

the field and boundary. The reference temperature and density are the

e

s
1%

g

general values on the field. The reference pressure and the reference

position are items previously input with the general values. Hydro-

o
»
PR

static pressure is calculated with the initial demnsity distribution by

RERERCAENINY

PR
P

integrating from the reference position, where the full pressure is

AN A

* 1

equal to the reference pressure, with constant density equal to the
A reference density.

a3 17. The main program then initializes the rest of the field

R arrays, setting the velocity divergence, DIVEL, and the mass residual
A terms, CMAS and CMASQ® , to zero, and setting the previous time flow
el variables to the initial values. The initial solution is then printed
if desired, completing the initialization of an original start.

24
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Continued Iteration Start

18. If the start is to be made from a partially converged solu-
tion, the read of namelist BEGIN is followed by a read of the partially
converged solution from file 13. A read of the namelist PARAM, so that
parameters can be changed if desired, then completes the setup for con-

tinuation of the iteration.

Continued Time Steps Start

19. Finally, if the start is to begin from the solution at some
previous time, the read of namelist BEGIN is followed by a read of the
solution at this time from file 13, Namelist PARAM is then read, com-
pleting the setup for continuation of the time steps.

Setup for Time Step

20. After any of these three possible starting modes, the conver-
gence tolerances for velocity, pressure, and temperature are calculated
from the reference values. These tolerances are calculated by multiply-
ing the input tolerances by the corresponding reference values, except
that the pressure tolerance is based on the maximum of the reference
pressure and the dynamic pressure pV2 » calculated from the reference
density and velocity. The reference values and tolerances are then
printed, and the code 1s then ready to proceed with the time steps. If
the step is the first time step from an initial start, the code elects
first-order time difference expressions regardless of the input speci~
fication of the order. The input specification is used at all subse-
quent time steps.

21. TIf the start is not from a partially converged solution,
before proceeding with the calculation for the solution at t + At , the

current values of velocity, temperature, energy, and the mass residual

term CMAS$ at t are written in the corresponding field arrays,

25
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@VELX, @VELY, @TEMP, @ENGY, and @CMAS. The inhomogeneous terms (UR@LD,
VR@LD, ERPLD, RPLD) and the mass residual term CMAS are calculated for
each FIELD point. If nonconservative convective differences are used,
the density is omitted from UR@LD, VR@LD, ERPLD, and RPLD. This com-
pletes the setup for the calculation of the solution at the new time

step.

Iteration

Boundaries update

22, The iteration then proceeds. At each iteration, the norms are
zeroed, all of the boundary values are updated, and then all of the
field values are updated. In each case the updated values replace the
current values in the arrays as they are calculated, in accordance with
Gauss-Seidel iteration. Values on no-slip or slip boundaries are up-
dated by calling subroutine WALLS from the appropriate entry point,
B@TTPM, TPP, LEFT, or RIGHT, relative to the free field. (Note that a
point on the top of an obstacle calls B@TT@M, etc.) Concave and convex
corners, whether no-slip or slip, are treated by calling the subroutines
CAVCYR and VEXC@R, respectively. Inlet, outlet, and surface points are
updated by calling subroutine INFL@®, @UTFL@, or SRFACE, respectively.
The energy (ENGY) is calculated from the temperature at all of the
boundary points. Consequently, this routine is called through the
appropriate entry point, after each call to INFL@, @UTFL@, or SRFACE,
After the complete boundary update, the normal velocity components on
all outlets or inlets may be adjusted so that the total outflow exactly
equals the total inflow by calling subroutine BAL@GUT or BALIN.

Field update

23. The updating of the field values is done by a call to DIFFEQ
at each FIELD point. After the field has been updated, the error norms
are checked for convergence to the specified tolerances. If convergence
has been attained, then the previous time step values are retrieved, and

the solution is written on the restart file 11. The solution is then




printed and stored on the solution file 12 if the current time step is
designated for output. The solution then proceeds to the next time step

unless the prescribed number of steps has been executed, in which case

the solution stops.
Completion

24, 1If the maximum number of iterations allowed is reached without
convergence, there are two possible alternatives. If the input has so
specified, the code will interpret this as convergence and proceed with
the output and continue to the rext time step as above. Otherwise, the
partially converged solution is written on the restart file 11. The
values at the previous time step are retrieved and written also. In

this case, the solution stops.
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PART V: SUBROUTINES

BL@CK Data

25. This data set contains the default values.

Subroutine AITKEN

26, This subroutine produces a new iteration for a Newton-Raphson

iterative solution of a nonlinear equation.

Subroutine CAVC@R

27. This subroutine calculates the temperature on a concave corner
by linear or quadratic extrapolation along the two sides forming the

corner.

Subroutine DIFFEQ

28. This subroutine calculates the values of the pressure, temper-
ature, and velocity components at each FIELD point. The routine first
places the appropriate values of the coordinates of the points surround-
ing the point of calculation in the arrays X and Y. The coordinate
derivatives (XXI, etc.) are then calculated where needed and, from
these, the Jacobian and a and Yy are calculated. Next, the width,
velocity, temperature, energy, and pressure are placed where needed.

The density is calculated from the temperature.

29. The viscosity, the turbulent eddy viscosity, and the artifi-

cial viscosity (if used) are then calculated where needed. The viscos- ZE
ity is calculated directly from the temperature. The turbulent eddy i;
viscosity may be an input constant or may be calculated from either of AR
two models. The artificial viscosity is calculated from the mass IL"“#

residual, The quantities u and v , the contravariant velocity compo~

nents, are the calculated and the mass residual is evaluated. ]
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30. The routine then calls subroutines CH@RIN, THERM@, and M@MENT
to calculate the pressure, temperature, and velocity, respectively.
Pressure

31. Subroutine CH@RIN calculates updated pressure via the Chorin
scheme (Thompson and Bernard 1985). The routine first evaluates the
mass residual using first-order one-sided differences. The new pressure
is set equal to the old pressure, minus the mass residual multiplied by
the pressure acceleration parameter and the geometric coefficient
derived in Thompson and Bernard (1985). The change from the previous
iteration is noted, and the new pressure is placed in the pressure field
array PRES. This routine is called before and after calling M@MENT, in
crder to improve convergence,

“emperature

32. Subroutine THERM@ updates the temperature from the energy equa-
tion. (There is an input provision for skipping this routine if the
sensity is to be held constant.) This routine first calculates the con-
ductivity from the temperature where needed and then evaluates the tur-
bulent eddy thermal diffusivity and the artificial conductivity (if
used) from the eddy and artificial viscosities calculated above, The
heat conduction terms are then evaluated, with terms containing the
temperature at the update point being identified as diagonal terms and
the remaining terms as off-diagonal terms by the indices D and ¢D ,
respectively. Finally, the energy flux terms are evaluated, using a
choice of central, upwind, or ZIP differences (Thompson and Bernard
1985), isolating any terms containing the energy at the update point,
Second-order central differences are used for all derivatives except for
upwind convective terms, which are first-order.

33. The new temperature at the update point is then calculated
through a false position iteration, since the time derivative and pos-
sibly the energy flux terms contain the energy at the update point,
while the conduction terms contain the temperature at this point. This
Newton-Raphson iteration is done by using subroutine AITKEN. If vari-

able acceleration parameters are being used, this parameter is updated

29
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by calling subroutine TEMAC after the iteration for the temperature at
the update point has converged. The temperature is then updated, the
change from the previous iteration is noted, the new temperature is
placed in the temperature field array, TEMP, and the new energy is cal-
culated from the new temperature.
Velocity

34, Subroutine M@MENT calculates the velocity components from the
momentum equations, The routine first evaluates the stress terms, iden-
tifying the terms containing the velocity at the update point as diago-
nal terms (index D) and the remainder as off-diagonal terms (index @D).
The momentum flux terms are then evaluated using a choice of central,
upwind, or ZIP differences, again identifying terms containing the
velocity at the update point, The pressure terms are then evaluated.
Second-order central differences are used for all deriviatives except
for pressure gradients and upwind convective terms. The new velocity is
calculated, with all terms involving the component being evaluated at
the update point factored together. The mass residual correction term
uD is omitted if nonconservative convective differences are used. If
variable acceleration parameters are to be used, subroutine VELAC is
then called to update this parameter. The new velocity is then calcu-
lated. The change from the previous iteration is noted, and the new

velocity is placed in the velocity field arrays, VELX and VELY.

Subroutine INFL@

35. Thi. subroutine calculates the temperature of an inlet by set-
ting the value equal to the adjacent value inside the field. If FL@W is
input as 'QUTFL@W,' the inlet velocity is extrapolated in the same way.
The routine also calculates the mass flow rate into the inlet by summing
the product of the appropriate contravariant velocity component and the

density.

30
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Subroutine MAPS

36. This subroutine prints maps of various field quantities for

inspection. These may be elected by the input parameters in the array
MAP:

a. Point type map--shows the type for each point, i.e.,
field, inlet, outlet, etc.

b. Velocity map--shows interval contours of the velocity
magnitude by assigning a different number from 0 to 9 to
each point, depending on the ratio of the velocity from
the minimum value on the field to the difference between
the maximum and minimum values on the field. Intervals of
0.1 from 0.0 to 1.0 are indicated by the numbers 0-9.

c. Temperature map--shows interval contours of the tempera-
ture in the same manner as described above for the
velocity.

d. Pressure map--shows interval contours of the difference
between the pressure and the hydrostatic pressure, as for
the velocity.

e. Density map--shows interval contours of the density, as
for the velocity.

Subroutine @UTFL@ R

37. This subroutine calculates the temperature of an outlet by
setting the value equal to the adjacent value inside the field. If FL@W
is input as 'INFL@W,' the outlet velocity is extrapolated in the same
way. The routine also calculates the mass flow rate out of the outlet

in the manner described above for INFL@.

Subroutine SETVAL

38. This subroutine reads the input and sets up the initial field

as described above,
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Subroutine SRFACE
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39. This subroutine calculates the velocity components and the
temperature on a simulated free surface (without movement of the sur-
face) by setting these values equal to the values at the adjacent points

inside the field.

Subroutine TEMAC

40. This subroutine calculates the locally optimum acceleration
parameter for the energy equation. This parameter depends on the local

convective and diffusive terms, and underrelaxation is used unless dif-

fusion dominates in both directions. The change from the values a. the
A previous iteration is noted, and the new value is placed in the field

array TACC.

Subroutine VELAC

41. This subroutine calculates the locally optimum acceleration
parameters for the momentum equations. This parameter depends on the
A local convective and diffusive terms, and underrelaxation is used unless
L diffusion dominates in both directions. The change from the values at
the previous iteration is noted, and the new values are placed in the

field arrays, UACC and VACC.

L

Ty
v

Subroutine VEXC@R

42. This subroutine calculates the temperature and velocity compo-
nents at a convex corner. This is done by calling subroutine WALLS,
with the appropriate entry point, for each of the two sides forming the

corner, and then averaging the results.
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Subroutine WALLS

43, This subroutine calculates the temperature and pressure on
no-slip and slip boundaries. It also evaluates the slip velocity on
slip boundaries. There are four entry points for boundaries on the
B@TT@M, TPP, LEFT, or RIGHT relative to the free field. Note that the

top of an obstacle and the bottom of the entire region are classified as ;4Ai

[

BOTT@M. ]
44, The routine first places the coordinates of neighboring points ;éﬁii

in the arrays X and Y and calculates the coordinate derivatives. The o
values of all quantities needed at the surrounding points are placed in ;:;ﬂ
the appropriate arrays, and the derivatives are evaluated using second- ?Tfﬁ
order central differences in the field and along the boundary, except at ff
corners where first-order one-sided differences are used. Such one- R
sided differences are also used for derivatives coming off the wall. &;5%
45, After the heat conduction terms are evaluated, either the new AR
temp- rature is calculated from the specified wall heat transfer or the }
wall heat transfer is calculated from the specified wall temperature. ] f
The wall pressure is evaluated by subroutine CHPRIN. If the boundary is ;;—Q
a slip boundary, then the new velocity components are calculated with %?TT}

the vorticity and normal velocity set to zero.

46. The new temperature and velocity components are calculated

using a specified uniform acceleration parameter, the change from the
previous iteration is noted, and the new values are placed in the field ﬁ?:ﬂ

arrays.,

Subroutine XTREMA -Aifj
~—ned

47. This subroutine calculates and prints the extrema of the RS

velocity, temperature, and pressure.
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Subroutine BALQUT

48, This subroutine adjusts the velocities on all the outlets to
balance the inlet and outlet flow rates. This is done by multiplying
the velocity normal to the outlets by the ratio of the inlet flow rate
to the outlet flow rate. New velocities are then calculated (for out-
lets only) using the adjusted normal velocity and the unchanged tangen-

tial velocity. Use of this routine is an input option.

Subroutine BALIN

49. This subroutine is the same as BAL@UT, but is applied to in-

lets instead of outlets, Use of this routine is an input option.

34
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PART VI: PLOT CODES

50. These codes, called VECT@#R and C@NTUR, respectively, plot
velocity vectors at each point or selected points in the field, and the

contours of density, temperature, and pressure.

Contour Plots (C@NTUR) R

51. The contour plots are done as described below. The code was E?ff;
written by Thompson, but the description is taken from Thames (1975). ' Zfi
Determination of 4%444
contours in the £,n plane !;7?4

52. Let ¢ = ¢(£,n) be a function defined in the region D* AR
possessing continuous second derivatives. Since D* is closed and i.ii
bounded, let m(¢) = min {¢(£,n) | [£,n]e D*} and M(¢) = ]
max {¢(£,n) | €,n]le D*} . If & 1is a number such that m(¢) < ¢ < !"EQJ
M(¢) , then we define the ¢-contour of ¢(&,n), CT(¢) , as the set ] ;ji

Cp(#) = {[£,n] | [£,nle D* and ¢(E,n) = ¢}

Graphically, CT(¢) is the curve created by the intersection of the
graph of ¢(£,n) and the plane ¢(£,n) = ¢ . For plotting convenience,

the curve is usually projected onto the (&,n) plane., These ideas are
illustrated in Figure 3.

53. Now suppose that ¢(£,n) 1is known only in a discrete fashion,

That is, let the net function ¢i 3 ¢(Ei,nj) be known on the discrete
— 1l
set D** = {[E,’i,nj] | g, =1-1 for 1 <41 < IMAX and ny = j-1 for

1 < j < JMAX} . (The fact that ¢ may only be an approximation to

i,j
$(&,n) 1is immaterial to the current discussion.) If similar defini-
tions for m(¢) and M(¢) are made for ¢i j on the set D** , then
9’
the &¢-contour of ¢j o denoted CT(¢) again, can be defined as
35
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Cp (0 = g ] | 0<% < IMAX=15 0 < 'n < JMAX-1;

Figure 3. Contour - ¢ of ¢(£,n)

The bars over Ek’nk , and ¢ are to indicate that [Ek,;#] may not
be an element of D** and that % is not necessarily one of the values

of the net function The discrete representation is shown in

¢i,j .
Figure 4.

54. Numerically, the import of the above discussion is that
interpolation between the points of the discrete set D** is required
to determine CT(¢) . Consider a portion of grid D** as shown in

Figure 5a where 1 < Il < I2 < IMAX and 1 < Jl < J2 < JMAX . Each
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grid block is labeled by the (i,j) coordinates of the lower left-hand
corner of the block. Block (m,n) is shown on a larger scale in
Figure 5b.

55. 1In order to improve the plotted resolution, consider subdividing
each block into four triangles, as shown. The value of ¢ at (m + },

n + %) is taken as the four-point average

¢m + 4,n + } = (¢m,n + ¢)m+l,n + ¢m,n+1 + ¢m+l,n+l)/4

A local (£,n) coordinate is affixed to each grid block as demonstrated in
Figure 5b. In order to standardize the interpolation procedures, a local
(gsu) coordinate system is also placed on each of the subtriangles as

illustrated in the series of drawings given in Figure 6.

U2 L3
v.._’ _—_-‘

Figure 6. Local coordinate systems for triangles

56. Interpolation is carried out on each of the four triangles for
each grid block in the segment (Il < i < I2, Jl < j < J2) of the set D**
specified. In particular, interpolation is performed along each of the
three sides of each of the triangles if the contour value ¢ lies
between the values at the ends of the sides. Let d' be the directed
distance from a given triangle vertex to the point on the triangle side
where the contour intersects that side (denoted by CED). This distance
is illustrated in Figure 5b for triangle (:) and is defined in an
analagous manner for the other triangles, If ¢  1is the value of ¢

1 1,4

is the value of ¢ at the

at a particular triangle vertex and ¢ 1,3
E )

2
other end of the side, then d' may be expressed as

38




d' = (side length) (¢ - ¢1)/(¢2 - @1)

For example, along side 1-2 of triangle (:), d' 1is given by

di—Z = (1.0) (e - ¢m+1,n)/(¢m,n - ¢m+l,n)

57. Noting that the sides of the triangle have lengths 1.0, 1.0//2,
and 1.0/y2, the contour intersection can be expressed in the local

triangle coordinates as

Side ) )
1-2 1-d 0

2-3 d/2 a/2

3-1 (1+d) /2 (1-d) /2

where d = (¢ - Ql)/(Qz - ¢1) and where £ = 1, 2, 3, or 4 denotes the
triangle number.

58. Once the contour intersections have been determined in the
local triangle coordinates (52’”1)’ they must be transformed to the grid
block coordinates (Em,n’nm,n)' This is done in the conventional fashion

using orthogonal rotation matrices. If [ p] are the coordinates

i,P,ul?u
of an intersection in triangle & , then

(g

m,n)l,p




[t

Ay

R

where

1 0] [0 1]

A, = A =
15 o 1|* %2%|-1 0
— ] — L. A
4 o) [ 0 4
B Flo-tlr Al oo

Note that up to three contour intersections can occur for each triangle
(i.e., one on each side). Finally, the point [(Em,n)z,p’ (nm,n)l,p] is
transformed to (£,n) coordinates by a simple linear transformation pro-
ducing an element[E&, ;k] of the set CT(Q)

Transformation to the physical plane

59. Since contours in the (£,n) plane are of little interest,
CT(¢) must be transformed to the physical plane. This is made possible
through the use of the coordinate transformation functions x(gi,nj)
and y(gi,nj) . Again, interpolation i? required since almost all ele-
ments of CT(¢) are not elements of D** on which the discrete func-
ions x(gi,nj) and y(gi,nj) are defined. As illustrated in Figure 7,
this implies a double linear interpolation must be performed. If
[E?} ;k] denotes an element of CT(¢) » the first step is to locate the
g and pn values bracketing Ek and'ﬁk . Denoting these by &, £,

and n and ;k are

5* N+l as shown in the figure, the values of ;k

calculated as follows:
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where

W A

> Rym G = B gy 7 xg, ) Egay = 8D+ 3y

per = G = 890 Oy gup = % g0 ey = 8 %y 30

for all k=1,2,...,N . Similar expressions are used to calculate ;k .

L TT 777

e Figure 7. Interpolation for x and y

) Vectors (VECT@R)

P 60. The velocity vectors are formed by simply drawing a line from
‘;i" each point, the length of which is proportional to the velocity magni-
tude and the orientation is that of the velocity vector. An arrowhead

is added to the tip of the line.
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APPENDIX A: WESSEL INPUT INSTRUCTIONS

WESSEL Input Instructions

ITS 3PSt R PSP e isiseisdeinsisststssssstitssisssssssissetintsysy
:#ttt##*#*!l!tl#t#*l*l WESSEL XKEXEKEEKEKERKEKRKEEXEKRKEEREREEKEKK
:##lttt#lX*l#**ltl#l*#*llt*#*#lltlttl*tlti!tttlttlttlttt!tlt!*t!tttt!tl
:* INFUT INSTRUCTIONS XKEEXKRKKXKKKKKERKKKRRKKRKERKKERREER KRR KRR KKK

x
KK 3OKOK KK KKK KK KR KK KKK ORI KRR IOKIOKIOR KR KRR KRR KRR KRR KRR KRR AR X

FILES Z FOR CONTINUATION OF TIME STEFS» OR CONTINUAITIUN OF 1TEKATION
ON A PARTIALLY CONVERGED TIME STEPs» THE INITIAL SOLUYLIUN IS
READ FROM UNIT 13 UNFORMAITED.

THE LAST TIME SVTEFsy OR A PARTIALLY CONVERGEL TIME STEFs IS
WRITTEN ON UNIT 11 UNFORMATTIED FOR RESTARI.

THE TIME STEFS SELECTED FOR STORAGE ARt WRLITTEN UHFORMAITED
ON UNIT 12,

COORDINATE SYSTEM IS READ UNFORMATIEL FROUM UN1Y 10,
(AS WRITTEN BY CODE “WESCOR’ )

KR KOK KKK IOK KOK KK KK KK OK 0K KK K 5 30K 3K K KOK 30K SOKOKK KKK IO XK KK KK KOK KR XORKOK K KR KK X

INFUT % (QUANTITIES NOT INLICATED OVYHERWISE ARE FLOAITING POINT.)

I I W M Fo I M T W I I W I I K e W I M

kK NAMELIST $RBEGIN %

X

X START - START SELECTOR X%

X JINITIALY Z INITIAL START.

¥ "NEXT’ % START FROM CONVERGED TIME S1EF.

X ‘RESTART’ % CUNVINUE ITERATION ON PARVIALLY CONVERGED VTIME SIEF,
¥

X
kX% NAMELIST SFARAM %

NAMELIST ITEMS % (ANY ORDER, OMISSIONS ALLOWED)
(DEFAULT VALUES IN PARATHENSES AT £NI)

FLOW - SELECTOR FOR FLOW SPECIFICATION., C(7INOUY‘ )
SINFLOW’ Z INFLOW SPECIFIED.
‘OUTFLOW’ %X OUTFLOW SPECIFIED,
- INOUT’ INFLUW AND QUTFLOW SPECIFLED,

ENEREQ@ - SELECTOR FOR ENERGY EQUATION, (’YES’ OR 'NO’). ('YES’)
(’NO’ OMIVS ENERGY EUUATIUN, KEEPLNG UNIFURM [(EMPERATURE)

FPARCON -~ ACCEFTOR FOR FPARTIAL CONVERGENCE. (‘YES’ OR ‘NO‘). (’NU")
(‘YES’ ACCEPTS PARTIAL CONVERGENCE AT MAXIMUN NUMBER OF )

W W W I I I e M W W I I I I MW M W N

( ITERATIONS AND FROCEEDS TU NEXT TIME STEP. )
STEFS ~ NUMBER OF TIME STEFS. (INTEGER). (1)
- STORIT ~ FIRST STEF TO RE STORED. (INTEGER). (1)

e
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STOINT

STRAT

ISTRAT

uToL
yToL
FTOL
TTOL

UACTOL
VACTOL
TACTOL

VELXAC
VELYAC
PRESAC
TEMPAC
BOUNAC

VELACC
TEMACC
DELTAT
CUNITS
VUNITS

PUNITS
TUNITS

TIMORD
CAVORD
ITERS

GRAX
GRAY

EXTOUT
MAPOUT

RITINT

RITOUT -
RITEXT -

RITERR

PR Sals wnl Gk salh Bl A 0 S s Sl SFul i i g

INTERVAL BETWEEN STORED STEPS. (INTEGER). (i)
(1 STURES EVERY STEPy 2 EVERY SECOND STEFy ETC.)

SELECTOR FOR INITIAL STRATIFICAITIUN. (’'NUNE’)

"NONE’ % NO STRAT{FICATION.

"LINE’ % STRATIFICATION ACCORDING TO DRENS1I1Y UR
TEMPERATURE INFUT ON XI-LIMe [SIKAT.

"TABLE’ % STRATIFICATION ACCORDING TU INFUT TABLE OF
DENSITY OR TEMPERATURE Y8 ELEVAILUN,

XI-LINE DEFINING INITIAL STRATIFICATION WHEN
STRAT="LINE’, (1)
(IRRELEVANT IF STRAT='NONE’ OR 'TARLE’)

CONVERGENCE TOLERANCE FOR X-VELOCIVY. (1.E-4)
Y-YELOUCITY., (1.&-4)
PRESSURE . (1.E-4)

TEMPERATURE, (1.E-4)
(FRACTIONS OF MAXIMUM VALUES)

CONVERGENCE TOLERANCE FOR X-MOMENTUM ACC.FPAKA. (1.E-4) —
Y-MOMENTUM ACC.PARA, (1.E-4) .

ENERGY ACC.FARA. (1.E-4) h :-;-.
ACCELERATION PARAMETER FOR X-MOMENTUM. (1) ' y
Y-MOMENTUM, (1.)
CHORIN PRESSUKRt EW. (0.8)
ENERGY. (1.)
BOUNDARY TEMPERATURE. (1.)
VARIABLE ACCELERATION PARAMETER AC1IVATOR FOK MOMENYUM. (.1RUE.) tﬁ#lw:
ENERGY. COTRUE ) :fﬁ{)f 
(LOGICAL). (.TRUE. ACTIVATES VARIABLE FARAMETEKRS.) :j;f.ﬁf

TIME STEP, (1.) 717-1"
OUTPUT UNITS FOR TIME. (’SEC") e

VELOCITY. C'MPS’)
PRESSURE . (‘PASCALS )

FEMPERATURE., (‘K’)
(SEE LIST OF UNIT CHOICES BbiLOW, DEFAULT IS MEYRIC UN1TS)

ORDER OF TIME DERIVATIVE, (1)
CORNER EXTRAPULATION. (1)
(INTEGERy 1 OR 2 )

MAXIMUM NUMBER OF ITERATIONS. (INIEGER). (1)

GRAVITY UNIT VECTOR X-COMPONENY. ¢ 0.)
Y-COMPONENT., (-1.)

ACTIVATOR FOR OUTPUT OF FIELD EXTREMA. (‘ND’)
MAPS . ('NO")
(‘YES’ OR “ NO‘)
ACTIVATOR FOR PRINY OF INITIAL SULUTIUN, (’NO")
VIME STEP SOLUVIUN., (’'NUO7)
SOLUTION ON ALL OUTLETS. ('NO‘)

ITERATION NUORMS. ('YES")
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('YES’ UR ‘NO‘)

MAP (1) -~ ACTIVATORS FOR FIELD MAPS. (‘NONE’)
‘TYPE’ % POINT TYPE MaP.
"VELOCITY” % VELOCITY MAP.

‘PRES’ % PRESSURE MAP.
‘TEMF‘ X TEMPERATURE MAP.
‘DENS” % DENSLTY MAP,

('NONE’ GIVES NO MAPS.)

CONVEC - SELECTOR FOR CONVECTIVE DERIVATIVES. (‘UFWINN‘)

CONSERVATIVE % ‘UPNINMD’ OR ‘ CENTRAL‘ .
NON-CONSERVATIVE % ‘NONUF‘ OR ‘NUNCEN‘ .
ZIF L oCLIp’

IREF» JREF ~ INDICES OF ELEVATION REFERENCE. (1s1)

CART - COEFFICIENT IN ARTIFICIAL VISCOSITY. (0,)
(0.0 FOR NONE. NOMINAL NON-ZERU VALUE IS 1.0 )

TURHOR - SELECTOR FOR HORIZONTAL TURBULENCE. (’NOUNE’)
‘NONE’ % NO YURBULENCE.
"CONSTANT’ % UNIFORM EDDY VISCOSITY = COFHUK.
‘EDINGER’ X EDINGER MODEL.
"KENT’ % KENT MODEL.

TURVER - SELECTOR FOR VERTICAL TURBULENCEX (’NUNE’)
‘NONE’ % NO TURBULENCE.
"CONSTANT’ X UNIFORM EDDY VISCOSITY = COFVtk.,
‘EDINGER’ X EDINGER MODEL.
‘KENT” % KENT MODEL.

COFHOR ~ COEFFICIENT FOR HORIZONTAL TURBULENCE. (1.)
(IRRELEVANT [F TURHOR NOT EQUAL ‘CONSTANT’)

COFVER ~ COEFFICIENT FOR VERTICAL TURBULENCE. (1.)
(IRRELEVANT IF TURVER NOT EQUAL ‘CUNSTANT‘)

FLOBAL - SELECTOR FOk FLOWRATE BRALANCE. (‘YES’ OUR ‘NUO‘). ('ND’)
WHEN FLOW="INFLUOW’ THIS CAUSES ALL QUTLET NORMAL VELUCITIES TO
BE MULTIPLIED BY RATIO OF TOTAL INLET FLOWKATE TU TUYAL OUILET
FLOWRATE.,
WHEN FLOW="DUTFLOW’ THIS CAUSES ALL INLET NOKMAL VELOCITIES TO
BE MULTIPLIED RATIO OF VYUYAL OUTLET FLUWRATE 'O VOVAL IMLET
FLOWRATE.
WHEN FLOW=°INOUT’ THIS OFTION IS IRRELEVANI.

ACCPRT - SELECTOR FOR ACCELERATION FARAMETER PRINY. (‘YES’ OR ‘NO‘).

LB R R B AR R BRI ALLEREEREEERERERERS X RN BN N X N I E R E T Y ew
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*xx BOUNDARY TYPE NAMELIST $INPUT Z (ANY ORDER» OM1ISSIONS ALLOUEL)

PR A AP

BEGIN WITH A NAMELIST $INPUT W1ITH ITVEM='BOUNDL’ .

s S

THEN USE A SEPARATE NAMELIST $1NPUY FUR EACH BRUUNDARY SEGMEN1.

CLOSE WITH A NAMELIST SINPUT WITH IVYEM='ERNL‘ .

LR & Jel X B B

ITEM - BOUNDARY TYPE X (DEFAULT IS NO-SLIF)
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AL *
- * “INLET’ % INFLOW EOUNDARY. (VELOCIYVY & TEMPERATURE
o x SPECIFIED UR EXTRAPOLATED)
-2 *
-1 X ‘OUTLET’ % OUTFLOW BOUNDARY. (VELOCITY & TEMPERAIURE
. x SPECIFIED UR EXTRAFOLATED)
- X
’ X *SURFACE.’ % FREE SURFACE. (EXTRAPOLAITEL VELOCITY AND TEMFERATURE)
. X
- X ‘SLIP’ % SLIP BOUNDARY. (ZERO VUKTICITY & NORMAL VELUCITY)
. *
v x ‘ALL SLIF’% CHANGES BOUNDARY DEFAUL1 FKOM NO-SLIF TO SLIF,
e X
e * (I1sJ1) & (I2,J2) - INDICES OF ENDS OF KOUNDARY SEGMENT, (INTEGER)
-a. *
' ___________________________________________________________________
P X
. kX% GENERAL VALUE NAMELIST $INPUT X (ANY ORDER, OMISSIONS ALLUMWED)
-_4. *
. X KEGIN WITH A NAMELIST $INPUT W1TH ITEM='GENERAL’
. x
:{ x THEN USE A SEPARATE NAMELIST $INPU1 FOR EACH QUANIIVY.
e X
X CLOSE WITH A NAMELIST $INPUT WITH ITEM='ENL’
X
- X ITEM =
-~ X
. x ‘YELX” - X~VELOCITY (1.)
. *
< * ‘VELY’ - Y-VELOCITY (1)
- *
i X ‘PRES‘ - DIFFERENCE FROM REFERENLE FRESSUKE (0.)
- x
7. * ‘REFPRES’ - REFERENCE PRESSURE (AY IREF»JREF) (1 ATM)
N b 3
- X ‘TEMP’ - TEMPERATURE (273.15)
- x
O X *DENS‘ - DENSITY (1000.0)
< ¢
% ‘HEAT’ - HEAT TRANSFER (0.)
i *
o * ‘WIDTH’ - WIDTH (1.)
o M
- * ’COORD’ - SERVES TO CHANGE COOURDINAIE UNITS. (METRIC)
T x (VALUE IS IRRELEVANT,)
R x
2 X VALUE - GENERAL VALUE OF QUANTITY,
) *
- : UNITS =
s % 'EPS’  (FEET/SEC) e JVELOCITY
e x ‘MPH’  (MILES/HOUR)
- X ‘KNOTS’ (NAUTICAL MILES/HOUR)
X
N x ‘ATH’  (ATMOSPHERES) ++4s0040+PRESSURE
T X ‘PSI’ (LB/SQ.IN.)
St x 'PSF’ (LB/SQ.FT,.)
e x
e x e’ (CELSIUS) «ovevsosesss s TEMPERATURE
L * ‘Fr (FAHRENHELIT)
e
':.}‘
N
o' ‘.

p bk - B, A N, oS
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ITEM

JEL

A M M FE MW I M I I M N W W I I NI MM R I I I NI I I I N M I I I I I I I I WM I NN I I I I W I W W

(I1yJ1)

‘R’ {RANKINE)

‘PCF’ (LR/CU.FT.) soes e sIIENSITY
‘8CF’ (SLUGS/CU.FT.)

‘GML (GRAMS/MILLILITER)

‘6CC” (GRAMS/CU.CM.)

‘BTUSIS’ (BTU/SQ.INJ/SEC) ....HEAT TRANSFER
‘RTUSFS‘ (BTU/SQ.FT,./SEC)

,FEETI QOOQOOODOOOODOOHIDTH
‘MILES”

‘YARDS‘

‘NAUTICAL MILES”

‘FEET’ sesserersesossesss o CODRDINATES
‘MILES”

'YARDS *

‘NAUTICAL MILES’

*x SECTION VALUE NAMELIST S$INFUT % (ANY ORDERs OMISSIONS ALLOWEL)

BEGIN WITH A NAMELIST $1NFU! W1TH INEH='SECTION’

THEN USE A SEPARATE NAMELIST €1NFUT FUOKR EACH QUANTITY.

CLOSE WITH A NAMELIST SINFUT WITH ITEM=’ENL’

TVELX’ - X=VELOCITY (1.)

"VELY’® - Y-VELOCITY (1.)

‘FRES’ - DIFFERENCE FROM REFERENCE PRESSURE (1 ATM)
‘TEMF’ - TEMPERATURE (273.15)

"DENS’ - DENSITY (1000.)

‘HEAT’ - HEAT TRANSFER (0.,

‘WIDTH’ - WIDTH  (1.)

"DENTAR’ - INITIAL STRATIFICATION TAEKLE X DENSIVY.
‘TEMTAE’ - YEMPERATURE .,
‘ELETAR’ - ELEVAI10UN,

(IRKELEVANT UNLESS " IkAl -/ [ABLE’ . )
(USE ‘DENTAER’ OK "'T.MTAE’', NUT BRUIH.)

VALUES - VALUES OF QUANTITY ON SECTION.

8 (I2,42) - INDICES OF CORNERS OF SECTIUN. (1RIEGER)

- NUMEBER OF ENTRIES IN INITIAL STRATIFILAYIUN TABLE.

(IRRELEVANT UNLESS STRAT=’"1ABLE’)

UNITS - UNITS OF QUANTITY. (SEE LIST ABOVE)
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APPENDIX B: CONTUR INPUT INSTRUCTIONS

CONTUR Input Instructions

T T R T e e ey
R bsa R e tATASEIIOEE C 0 K T U R SRS AR
;:0;5:‘l‘xl"xlltl‘ll‘l!l'llllll"l!"‘xl“t“l!llll!’““tt‘x"‘!““““‘,
160=C CINTOUR PLOT COLE - AISSISSIFFT STATE UNIVERSITY , 1982

170-C
130= .5, GrMi ENGINERK WATERWAYS EXFERIMENT STATION
90=C VIUNSRURGs HISSISSIFF]

200=C
;Ag=(!llllttl!tltll!i!lx!lll!lllttll!l!ll!ttllXtll!l!!l!l!ill!ltl!ltllll!l!l
538:5 INFUT 0 (QUARTITIES ~GT INQICATED OTHERWISE AeE FLOATING POINT.)
2a0-C

250=CH% NAMELIST s7aRsn |

20=C

: NANEL ICT TTENS ¢ ¢ ApY ORDETs SAIS5I08S A, OWFD)
(EFAULT WALDFS 1~ FATFNTRESES AT END)

M1 - NUMBER OF X7 IWDICES 10 BE CZamaED, (INTEGER)
TREFANLT 15 AL

s Th - NGRBER OF ETA INLTOES TC BE SCANNED. (IATEGER!
GRFmal 15 ALL)

1578 - SrAEQL AWD LTNE COMTRCL, ZERD IF MO STMROLS 0¥ THE
CONY UK LINE ARE DESiRED, A VALUE OF 3 GivE: SYMKOLS
In EJERY INTERSECTION, 2 O 1 GIVES FEMER SINEOLS. A
NEGATIVE UALUE SUFSESSES TrE COMMECTING LINE. SINBOL
USED 15 STMROLENCON-1,. (INTEGER)
CHEFALT 1S MY 5.ABOLS)

NSTEFS - MUMBER OF Tire STEFS., (INTEGERY (1)
ZiZF - FLOT SIZE Is Y-TIRECTION I INCHES. (3.)
SIZRAT - E&TIH OF PLOY LENGTH Im X-DIRECTION TO SIZE. (1))

(INs XMAX - CONTOUR P OT LInITS Iy X DIRECTION,
(DEFAJLT TS ALL)

fAINs YHAX - CORTOUR PLOT LIAITS IN Y DIRECTION,
(IEFAULT IS AL

FRID - PUTS GRID LINES OF 1 (IERIL+1) WEIGAT AT EACH TiC
JARN LOCATION. NEGATIVE INTEGER FROLUCES HALF-WEIGHT
CRIl LINES AT EACH TIC RMahn LICATION AmD -1GRID Num-
BER OF FUURTH-WEICHT LIMES EVENLY STACED BETWEEN)
INTEGER)  ¢DEFAWLY IS MG GRII)

Daks - HDORIZONTAL AND VERTICAL AXED TI0 MoRK LENGTHS IN INCHES.,
b0x CBEFAULT 15 NO TIC MARKS)

0AsOB - HORIZONTAL ANTY VERTICAL AXED WINIMUM VALUES.
(DEFAULT 1S M3 AZES NUMEERS )

UAlr -~ HORITONTAL AnD VERTICAL AXES NUMEER INTERVAL.

G0-C 31 CTFFAULT 1S MO AAES NUMEERS )

A=

;)g:c:z NCMELIST SINUT

19=1

*20= NANELIST ITEMS © (ANY ORTER, ONISSIONS ALLOWED)

;zgrg {4 SEPARATE NAME).1ST SINFUT FOR EACH VARTABLE 1O BT CONTOURED)
4=

50=( 17EN =

780=(

0= UENSITY - DENSIT

90=C ENERCY’ - EMERGY

800=C )

35835 "FRESSURE" - DIFFERENCE FKOM HYDROSTATIC PRESSURE

%iﬁfc TEAPERAT’ - TEMPERATHRE

850=C NUM ~ NUREER OF CONTOURS FOR THIS VARIABLE. (INTEGER) (1)

Bl

—
r




v ARy - e

%O#‘- UNITS = (DEFAULT 15 METRIC)

380=1,
290=¢ CECE - FOUNDS/CUEIC FOOT o JLENSITS
290=C BlE - SLYGS/CUBIC 00T
SUE 20 - TRAMS/CUBIC CENTIMETER
0=(
S30=C "FT-LBF - FOUT FOUNDS ovovas o JEAERGY
240 Fr-LBi" - FI0T POUNDALS
3%0=C B - K1Y
20Q=( IaL’ - CaLORIES
270=( EiGr - ERGS
980=1; NCAL - KILOCALGRIES
399=(] Kintd’ - :L0@ATT HOURS
1000=C ki - WATT HOURS
1010=¢
1020=C “hTH - ATMOSFHERES veov e FRESSURE
1030=0) ‘P81 - FOURTS/SBUARE InCH e
1040=C LSF - FUUNES, SQUAKE FUGT
1050=C et
1000=1 = TELSIUS  vovvvenvvrvoens s TEAFERATURE e o
1970=C F - FAHRENAFIT R
1080=¢, R - KanKInE T e
1990=C L]
1100=C YOLUESe M) - CONTOUR VALUES. o g
1i10=C 8 __]
1120=Ca8 IF LESS TuAr FUUR UNRIASLES ARE CONTOURELs FOLLOW ThE CONTOUR T
1“0 CAX NAMELISTS WITh An $INFUT NAAECIST CONTAINING ONLY ITEM=Enlr .
i3sg=€nmmmzmaumxxmmumuuxxxmmmxmxxmmmm
1160=
llé(okg TIRC STEFS ARE READ UNFORMATTED FROM UNIT 11v AS WRITTEN kY CODE /WESSEL’. A
1180= -
u’gg;% COORDINATE SYSTEM 15 REAI UMFORMATTED FROM UNIT 105 AS WRITTEw By CODE ‘WESCOR’, o j
12 Y -
1210=CI8R8 88X TER AR ARTATSSESRITRITILRSRTLXAASLTSTIARLTLRSLITATRALIXLALLS b |

o

2

.

S

4

",

p -

h--.

.

h'.

b

p -,

- -
LA ANane i
ARV I T R




ho’s Yol Made Wait Mg T W g g g AW N R e W e T T R T R T S g Ty e, Pt i A P Y 07 IRl “ Bl AR i i e St SR . § B8 S0 of gl T
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APPENDIX C: VECTOR INPUT INSTRUCTIONS
VECTOR Input Instructions

:03=%X¥Ki¥‘x1XZXX!X!x!XXXXle¥X!l¥¥llil!tt!li!llll!!llt!!llitlliltl!!ltttll!
1l
I0=CRRRRRASIXRARAAXINRARINEE U £ C T 0 R OXXXXXTTAXERLRLARLAXLIALAASRAXXALR

130=C
lssablttllXX!XX!KXX!ZX!XX!Xtttlxlltltlltlllxxlt!X!!tXX‘X!!X!!X‘XX!!!XX‘!!!I‘
‘00' VECTOR PLDT CODE -~ MISSISSIFPI STATE URIVERSITY , 1982

170=r
150=C Ui,5: ARMY ENGINEER HHTEnUAYS EXPERIMENT STATION
190=C VICNSBURGs MISS1SSIFFI

00 €
8“;ttxxxxxxtxxxxxxxxxxxxxxxxxtxxxxxxxxxxtXxxxtxxxxtxxxxxxxxxxxxxxxxxxttxxt
'}0 = SOLUTION IS READ UNFORMATTER FROM UNIT 1i» AS WRITTEN Ev CODE ‘WESSEL’
8 C COORDINATE SYSTEM IS READU UNFCGRMRTTER FROM UNIT 10y &5 WRITTEN BY CODE ‘WESCOR’

40=C
"GZEXI!XXXX!!X!XK!XXXII!XX!!!X!tKXl!XX!!!KXXt!I!X!XXlll!lt!tl!tt!tlll!lt
70 L INPUT ¢ (QUANTITIES NOT INDICATED OTHERWISZ ARE FLOATING POINT.)

‘0 FXX NAMELIST $FARAM ¢

Jt.—

200=C NANELIST ITEMS ¢ (AWY ORDERs OWISSIONS AiLDWEL)

§48=C (LEFAULT VALUES Ik FARENTARESES AT END)
340=C

§§0=E NSTETS - TOTAL NUMBER OF STEPS TO BE FLOTTED. (INTEGER) (1)
SAD=E Nl - NUMBEER OF XI INDICES TO BF SCANNEL, (INTEGER)
Z?g=? {BEFAULT IS ALL)

209=(,

410=C NETS - NUMBER OF ETA INDICES TO EE SCANNED. ( INTEGER)
'gg=§ {BEFAULT I8 ALL)

4300

240=( NSKXT - SKIF INTERVAL FOR XI. (IRTEGER) (1)

458=Q 11 SCANS EVERY LiINEs 2 EVLRY SECONR LINEs ETC,)
460=¢

470=C NSKETS - SkIF INTERVAL FUR E75.  CINTEGER) (1)

480=( {ScE NSKXT)

00=C §IZE - PLOT SIZE Ix Y-DIRECTION IN INCHES. (8.)

540-(
’vg~g SIZRAT - RATIQ OF PLOT LENGTH I X-DIRECTION 10 SiZEs (1.)
E0=C A - ARROWHEAL ANGLE IN DEGRFES. (20,)

Sol=L AD - ARROWHEAD LENGTH IN IxCHES, (0,0875)
S80=C 52 - VELOCITY SCALE FACTOR » FRACTION OF SIZE PER URIT VELOCITY. {1.)

£90=C
o=t AnIns XMAX - PLOT LIMITS IN X DIRECTION.
210=C (DEFAULT IS ALL)

020-C
230=C YHINsYMAX - PLOT LINITS IN Y DIRECTION.
40=C (IEFAULT IS ALL)

650=C
LRIt iettbtondttditidetttdtititiiiotntinteptlotiottetieitdodstitists]




00110
00120
00130
00150
o 00160
R 00170
SN 00180
- 00190
A 00200

o 00230
00240
00250
00260
00270
00280
00281
00290
00300
00310
00312
00321
00320
00330
00330
00340
00340
00340
00370
00380
00390
00400
00400
00410
00421
00430
00440
00465
00465
00481
00481
00481
00481
by 00481
£ 00481
N 00481
::: 00481
o 00481
o 00481
IO 00481
A 00481
A 00481
= 00481
> J

- 00100

00481

N 00481
- 00481
A 00481
S 00481
o 00481

APPENDIX D: SAMPLE RUNSTREAMS

WESSEL
/JOB
MJILEXXX(TS5005CM500,P02,STCAL)
USER (XXXXXX 9 XXXXXX)

L3 3 XWESSEL
FETCH(DN=$BLD)> GDN=0RSBWSL » UN=XXXXXXsDS=CI)
FETCH(DN=FT10»GDN=RSBCDO,DS=CI)
LDR(MAP=FULL E=1)
EXIT(U)
COST(LO=F)
EXIT(U)
STORE(DN=FT11,GDN=RSBDT&sUN=XXXXXX»U5=CI)
EXIT(U)
STORE(DN=FT12>GDN=RSBSOL6 s UN=XXXXXX»DS=CI)
EXIT(U)
LOGFILE(L=WESLDAY)
STORE (DN=WESLDAY s UN=XXXXXXsDS=FF»DT=C)
/EOR
ESBEGIN START="INITIAL’ ¢
ESPARAM STEFS=500 » TIMORD=2 ’ ’
uUToL=1.,0E-4 » VTOL=1.0E-4 » PIUL=1,E-4 ’
STRAT="NONE’ » FLOW='INOUT’» DELTA1=5.0 ’
CONVEC='UPWIND’s ENEREQ=‘YES‘» BOUNAC=1.0 ’
PUNITS="ATM’ » TUNITS='F’ » RITEXT='YES‘’ »
14 ? 14
4 1 ’

PARCON='YES "’

STORIT=500 STOINT=500 MAP (1)="TYPE’
RITERR='YES’ PRESAC=0.88 FLORAL='NO *

ESINPUT ITEM='BOUND‘ $

ESINPUT ITEM='SLIP’ » I1=2 s J1=13 » 12=16 » J2=13 ¢

E$INPUT ITEM="QUTLET’ » X1=17 » J1=3 » I2=17 » J2=3 §

ESINPUT ITEM='END’ $ .

E$INPUT ITEM='GENERAL’ ¢

E$INPUT ITEM='WIDTH~ » VALUE=3.0 » UNITS='FELT’ $

E$INPUT ITEM=‘VELX’ vy VALUE=0,0 + UNITS="FPS’ ¢

ESINPUT ITEM='VELY’ y VALUE=0.0 » UNITS='FFS’ $

ESINPUT [TEM='TEMP’ + VALUE=70,6 » UNITS='F’ ¢

ESINPUT ITEM='COORD’ » UNITS='FEET’ ¢

ESINFUT L[TEM='END’ $

E$INPUT ITEM='SECTLION’ $

ES$INPUT ITEM='TEMP’ ¢ Il:=1 oy J1=2 » I2:=1 y J2=6 »
VALUES = 6%62.0 » UNITS='F’ §

ESINFUT ITEM='WIDTH’ » Ii=1 » J1=1 o I2=1 s J2=13 »
VALUES = 13%x1.,0 » UNITS='FEET’' §

ESINPUT ITEM="WIDTH’ » I1=2 » J1=1 y [2::2 y J2=13 »
VALUES = 13%1.5 » UNITS='FEET’ ¢

ESINPUT ITEM='WIDTH’ » I1=3 » J1=1 » I[2=3 » J2=13 »
VALUES = 13%2,0 » UNITS='FEET’' §

ESINPUT ITEM="WIDTH’ » I1=4 » J1=1 » [2=4 ¢ J2=13 »
VALUES = 13%2,5 » UNITS='FEET’ ¢

ESINPUT ITEM="WIDTH’ s I1=5 » J1=1 » I2:=35 ¢ J2=13
VALUES = 13%3.0 » UNITS='FEET’ ¢

ESINPUT ITEM='VELX’ » Il=1 » J122 » I2=1 y J2=7
VALUES = 6%0.0446 » UNITS=‘FPS’ ¢

ES$INPUT ITEM='VELX’ » [1=2 » J1=2 » I2=2 , J2=13 .
VALUES = 12%0.,0149 » UNITS='FFS’ $

ESINPUT ITEM='VELX’ » I1=3 » J1=2 » [2=3 » J2=13
VALUES = 12%0,0112 s UNITS='FPS’ $

ESINPUT ITEM='VELX’ » I1=4 » J1=2 » [2=4 » J2:=13
VALUES = 12%0,0089 » UNITS='FPS’ ¢

ESINPUT ITEM='VELX’ s I1=5 » J1=2 » 12=5 » J2:13 »
VALUES = 12%0.,0074 » UNITS='FPS’ ¢

D1

ITERS=50
TToL=1.0E-6

RITOUT='YES’
RITINT='YES’
NAPOUI ="' YES'

- .
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1

= AR
,:\' '\:’::":.}: +
O S --,.- A
o 00481 ESINPUT ITEM=‘VELX’ » I1=6 » J1=2 5 I2=6 » J2=13 };:Qm;.
- 00481 VALUES = 12%0.,0064 » UNITS='FPS’ ¢ ot
N 00481 ESINPUT ITEM=/VELX’ » I1=7 s J1=2 5 [2=7 » J2=13 » T
h 00481 VALUES = 12%0.0056 » UNITS=‘FPS’ §
. 00481 ESINPUT ITEM='VELX‘ » I1=8 » J1=2 5 1278 , J2=13
.- 00481 VALUES = 12%0.,0050 » UNITS=’FPS’ ¢
- 00481 ESINPUT ITEM=‘VELX' » I1=9 » J1=2 5 12=9 , J2=13 ,
- 00481 VALUES = 12%0.0045 » UNITS=‘FPS‘ §
S 00481 ESINPUT ITEM=’VELX’ » 11210 , J1=2 s [2=210 » J2=13 ,
- 00481 VALUES = 12%0.,0041 » UNITS=‘FPS‘ ¢
» 00481 ESINPUT ITEM=‘VELX’ » I1=11 , J1=2 » I2=11 5 J2:=13 ,
00481 VALUES = 12%0.0037 » UNITS=‘FPS‘ $
y 00481 ESINPUT ITEM='VELX’ » I1=12 , J1=2 » I2=12 , J2=13 ,
¥ 00481 VALUES = 12%0.0034 s UNITS='FPS’ §
3 00481 E$INPUT ITEM='VELX‘ » I1=13 » J1=2 » I2=13 , J2=13 ,
= 00481 VALUES = 12%0.0032 s+ UNITS=‘FPS’ ¢
. 00481 ESINPUT ITEM=‘VELX’ » I1=14 5 J1=2 » I2=14 , J2=13 ,
e 00481 VALUES = 12%0.0030 » UNITS=‘FPS‘ ¢
b 00481 ESINPUT ITEM='VELX’ s 11=15 , J1=2 , 12=15 , J2=13 ,
00481 . VALUES = 12%0.0028 » UNITS='FPS’ ¢
e 00481 ESINPUT ITEM=-VELX’ » I1=16 » J1=2 5 I2=16 , J2=13 ,
v 00481 VALUES = 12%0,0026 » UNITS=‘FPS’ $
-, 00481 ESINPUT ITEM='VELX’ » I1=17 » J1=3 , 12=17 ; Jz=3 ,
g 00481 VALUES = 0,0297 » UNITS='FPS’ $
o 00510 ESINPUT ITEM='END’ $
N 00520 /EOR
= 00530 /EOF M
’,v [ Ve "
‘a R TAY
1 .“ ':J_ g "“b‘
> RSN
. e .J'_":‘
- BN
-
. VECTOR
.- 00100 /JOB
- 00110 MJLGXXX(T20,CM300+,P02sSTCAL)
) 00120 USER (XXXXXX s XXXXXX)
~ 00130 %%  XVECTOR
3 00140 FETCH(DN=$BLD»GDN=OVECTOR s UN=XXXXXX»DS=CI)
- 00150 FETCH(DN=FT10sGON=RSBCDROsDS=CI)
- 00160 FETCH(DN=FT11+6DN=RSBSOL&sDS=CI)
. 00170 ACCESS(DN=CCLIBsUN=EKSAPP)
v 00180 ASSIGN(DN=TAPEO3sA=FT03)
-~ 00190 LDR(LIB=CCLIBsMAP=FULL/E=1)
r 00200 EXIT(U)
" 00210 COST(LO=F)
- 00220 EXIT(U)
oy 00250 STORE(DN=TAPEO3»GDN=TAPEO3 s UN=XXXXXXsDS=FFDT=C)
o 00260 EXIT(U)
. 00270 LOGFILE(L=VPLTDAY)
e 00280 STORE (DN=VPLTDAY s UN®XXXXXX ¢ DS=FF ¢ DT=C)
> 00290 /EOR
d 00300 ESPARAM NSTEPS=1 » S2=0.1 » SIZE=3.0 » SIZRAT=2.57 ¢
Gl 00320 /EOF
' [}
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i}; CONTUR

A 00100 /JOB

o 00110 MJLAXXX(T20sCM300,P02,STCAL)

Ly 00120 USER(XXXXXXsXXXXXX)

Lty 00130 xkx  XCONTUR

- 00140 FETCH(DN=$ELDsGUN=CCONTUR>»UN=XXXXXXs»DS=CI)

00150 FETCH(DN=FT10sGDUN=RSECDO,0(S=CI)

s 00160 FETCH(DN=FT11,GIN=RSESOL&>S=CI)
SRS 00170 ACCESS(DN=CCLIBsUN=EKSAFF)
:;{; 00180 ASSIGN(DN=TAPE02yA=FT02)
N 00190 LDR(LIB=CCLIBsMAP=FULLsE=1)
N 00200 EXIT(U)
e 00210 COST(LOD=F)
00220 EXIT(W)

e, 00250 STORE(DN=TAPEO2sGON=TAPEQO2 s UN=XXXXXXsDS=FFyT=C)
xﬁg 00260 EXIT(W)

B 00270 LOGFILE(L=CPLTDAY)

e 00280 STORE(DN=CPLTDAY »UN=XXXXXX»DS=FF»DT=C)

ﬁq 00290 /EOR

) 00300 E$SFPARAM NSTEPS=1 » SIZE=3.0 » SIZRAT=2,57 $
Nl 00360 ESINPUT ITEM='TEMPERAT’ » NUM=27 5 UNITS=‘F‘ ,

60,5 » 61,0 » 61.5 » 62.0 » 62.5
6505 ? 66)0 y 66,5

00370 VALUES= 60.0

’
00370 4.0 » 64.5 » 65.0
00370 48.0 » 5845 » 69,0 s 69.5 » 70.0 » 70.5
00370 72.0 » 72,5 7300 $
00400 ESINPUT ITEM = ‘END‘ $

00420 /EQF
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S APPENDIX E: NOTATION
..}-
L B lateral width
D \_n
\?f D mass residual
K- e internal (thermal) energy per unit mass
;?. f arbitrary function
}? 8y components of gravity vector
C J X - X
g'n ng
. n superscript indicating time~step number
Y
;: ) pressure
;i: Py hydrostatic pressure
i
- P, reference pressure
éi qay components of heat flux vector
- T temperature
oX t time
‘E: uy components of fluid velocity
" .
e u fluid velocity vector
.) u,v x- and y-components of u , respectively
Sf u,v fluxes of u through surfaces of constant £ and constant
ﬁf n , respectively
-h“
= X,y  cartesian coordinates
Ny 2, 2
Ny X+
", * n In
N
. X +
B gn’ Yevn
2 2
x, +
x Yo R T e
v
T v gradient operator
S El
.
- e e v
o NP L IS I
R L DA
LS ¢::..‘\v \'_‘;.; -:_,4 4}1-'.{4,.".-)




€,n

i

T N N TR

laplacian operator

incremental operator

dynamic viscosity

thermal conductivity

density

initial density

reference density

components of stress tensor
components of shear stress tensor

curvilinear coordinates

acceleration parameter
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